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7KH�715&&�LV�UHVSRQVLEOH�IRU�GHYHORSLQJ�D�6WDWH�,PSOHPHQWDWLRQ�3ODQ��6,3��IRU�R]RQH�LQ

+RXVWRQ�*DOYHVWRQ�DQG�%HDXPRQW�3RUW�$UWKXU��+*%3$��R]RQH�QRQDWWDLQPHQW�DUHDV��WKH

+RXVWRQ�DUHD����7KH�715&&·V�6,3�UHOLHV�XSRQ�SKRWRFKHPLFDO�PRGHOLQJ�WR�UHODWH�DWPRVSKHULF

R]RQH�FRQFHQWUDWLRQV�WR�HPLVVLRQ�OHYHOV�IRU�R]RQH�SUHFXUVRUV���7KH�PRVW�UHFHQW�PRGHOLQJ�ZDV

SHUIRUPHG�XVLQJ�WKH�&RPSUHKHQVLYH�$LU�4XDOLW\�0RGHO�ZLWK�H[WHQVLRQV��&$0[��DQG

FRQVLGHUHG�HPLVVLRQV�RI�YRODWLOH�RUJDQLF�FRPSRXQGV��92&V���QLWURJHQ�R[LGHV��12[��DQG

FDUERQ�PRQR[LGH���+RZHYHU��UHFHQW�VWXGLHV�KDYH�VXJJHVWHG�WKDW�UHDFWLYH�FKORULQH�FRPSRXQGV

PD\�SOD\�D�VLJQLILFDQW�UROH�LQ�R]RQH�IRUPDWLRQ�LQ�WKH�+RXVWRQ�DWPRVSKHUH���7KH�SXUSRVH�RI

WKLV�VWXG\�ZDV�WR�XSGDWH�WKH�&$0[�PRGHO�WR�LQFOXGH�UHDFWLYH�FKORULQH�FKHPLVWU\�DQG�HYDOXDWH

WKH�SRWHQWLDO�LPSDFW�RI�UHDFWLYH�FKORULQH�HPLVVLRQV�LQ�WKH�+RXVWRQ�DUHD�

(YLGHQFH�IRU�WKH�LPSRUWDQFH�RI�FKORULQH�FRPHV�IURP�UHFHQW�VWXGLHV�DW�WKH�8QLYHUVLW\�RI�7H[DV

DW�$XVWLQ��87��SXEOLVKHG�E\�7DQDND��HW�DO�����������7KLV�UHVHDUFK�ZDV�IXUWKHU�GHYHORSHG

WKURXJK�DWPRVSKHULF�PHDVXUHPHQWV�LQ�+RXVWRQ�SHUIRUPHG�E\�87�GXULQJ�WKH�7H[DV�$LU�4XDOLW\

6WXG\��7H[$46��LQ�WKH�VXPPHU�RI�������SHUVRQDO�FRPPXQLFDWLRQ�IURP�'DYLG�$OOHQ��87��

7KH�FKORULQH�FRPSRXQGV�WKDW�FRXOG�PRVW�LQIOXHQFH�XUEDQ�R]RQH�DUH�FRPSRXQGV�WKDW�FDQ

SKRWRO\]H�UDSLGO\�WR�SURGXFH�FKORULQH�DWRPV��&O��VXFK�DV�PROHFXODU�FKORULQH��&O���DQG

K\SRFKORURXV�DFLG��+2&O��EXW�QRW�FKORULQH�FRQWDLQLQJ�RUJDQLFV�VXFK�DV�FKORURIOXRURFDUERQV

�&)&V��DQG�K\GURFKORURIOXRURFDUERQV��+&)&V����&KORULQH�DWRPV�DUH�KLJKO\�UHDFWLYH�WRZDUG

PDQ\�K\GURFDUERQV�DQG�LQLWLDWH�92&�R[LGDWLRQ�YLD�UHDFWLRQ�SDWKZD\V�WKDW�DUH�JHQHUDOO\

VLPLODU�WR�2+�UDGLFDO�UHDFWLRQV���+RZHYHU��XQOLNH�2+�UDGLFDO��FKORULQH�DWRPV�DUH�QRW

VFDYHQJHG�E\�KLJK�12[�OHYHOV���7KXV�FKORULQH�DWRPV�PD\�EH�SDUWLFXODUO\�HIIHFWLYH�LQ�LQLWLDWLQJ

SKRWRFKHPLFDO�UHDFWLRQV�LQ�XUEDQ�DUHDV�ZLWK�KLJK�OHYHOV�RI�ERWK�92&�DQG�12[���7KH�UHDFWLRQV

RI�FKORULQH�DWRPV�DUH�QRW�DFFRXQWHG�IRU�LQ�WKH�&DUERQ�%RQG����&%���FKHPLFDO�PHFKDQLVP�WKDW

LV�XVHG�IRU�WKH�+*%3$�6,3�PRGHOLQJ���87�KDV�GHYHORSHG�D�VLPSOLILHG�PHFKDQLVP�WR�GHVFULEH

WKH�PDLQ�IHDWXUHV�RI�FKORULQH�UHDFWLRQV�IRU�R]RQH�PRGHOLQJ�LQ�D�IRUPDW�FRPSDWLEOH�ZLWK�WKH

&%��PHFKDQLVP��7DQDND�DQG�$OOHQ��������

2EMHFWLYHV

7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�DV�IROORZV�

�� 'HYHORS�DQ�LPSURYHG�YHUVLRQ�RI�&$0[�WKDW�FDQ�EH�XVHG�WR�LQYHVWLJDWH�WKH�UROH�RI�UHDFWLYH

FKORULQH�HPLVVLRQV�DQG��LI�DSSURSULDWH��LQWHJUDWH�FKORULQH�HPLVVLRQV�LQWR�IXWXUH�R]RQH

FRQWURO�VWUDWHJ\�PRGHOLQJ�IRU�WKH�+RXVWRQ�DUHD�

�� 7HVW�WKH�LPSURYHG�&$0[�XVLQJ�FXUUHQW�715&&�PRGHOLQJ�GDWDEDVHV�IRU�WKH�+RXVWRQ�DUHD

DQG�WKH�EHVW�DYDLODEOH�FKORULQH�HPLVVLRQV�HVWLPDWHV�WR�FRQILUP�WKDW�&$0[�LV�UHDG\�WR

PRGHO�FKORULQH�LPSDFWV�LQ�D�UHJXODWRU\�VHWWLQJ�

�� 8VH�WKH�PRGHO�UHVXOWV�IURP�����WR�HYDOXDWH�WKH�SRWHQWLDO�LPSDFW�RI�UHDFWLYH�FKORULQH

HPLVVLRQV�RQ�R]RQH�IRUPDWLRQ�LQ�WKH�+RXVWRQ�DUHD�
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/LPLWDWLRQV

7KH�PRGHO�GHYHORSPHQW�DQG�DSSOLFDWLRQ�REMHFWLYHV����DQG����ZHUH�VXFFHVVIXOO\�DFKLHYHG�E\

WKLV�VWXG\���+RZHYHU��DIWHU�WKH�SKRWRFKHPLFDO�PRGHO�UXQV�KDG�EHHQ�FRPSOHWHG��REMHFWLYH����DQ

HUURU�ZDV�GLVFRYHUHG�LQ�WKH�HPLVVLRQ�LQYHQWRU\�IRU�UHDFWLYH�FKORULQH�FRPSRXQGV�SURYLGHG�IRU

WKH�VWXG\���%ULHIO\��D�PDMRU�VRXUFH�RI�FKORULQH�HPLVVLRQV�LQ�WKH�LQYHQWRU\�LV�LQMHFWLRQ�RI

FKORULQH�LQWR�ODUJH�FRROLQJ�WRZHUV�DV�DQ�DOJDHFLGH���$Q�HUURU�LQ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKHVH

HPLVVLRQV�XQGHUHVWLPDWHG�FKORULQH�HPLVVLRQV�LQ�+DUULV�&RXQW\�DQG�RYHUVWDWHG�HPLVVLRQV

HOVHZKHUH���&RQVHTXHQWO\��WKH�PRGHOLQJ�UHVXOWV�SUHVHQWHG�LQ�WKH�ILJXUHV�DQG�WDEOHV�RI�VHFWLRQ��

RI�WKLV�UHSRUW�VKRXOG�QRW�EH�XVHG�WR�TXDQWLWDWLYHO\�HYDOXDWH�WKH�SRWHQWLDO�LPSDFWV�RI�FKORULQH

HPLVVLRQV�LQ�WKH�+RXVWRQ�DUHD�
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7KLV�VHFWLRQ�RI�WKH�UHSRUW�GRFXPHQWV�WKH�+RXVWRQ�R]RQH�PRGHOLQJ�GDWDEDVHV�WKDW�ZHUH�XWLOL]HG�

GHVFULEHV�WKH�UHDFWLRQV�WKDW�ZHUH�DGGHG�WR�WKH�&%��PHFKDQLVP�WR�GHVFULEH�FKORULQH��GLVFXVVHV

WKH�FDOFXODWLRQ�RI�SKRWRO\VLV�UDWHV�IRU�FKORULQH�UHDFWLRQV��DQG�GHVFULEHV�WKH�LPSOHPHQWDWLRQ�DQG

WHVWLQJ�RI�WKH�FKORULQH�UHDFWLRQV�LQ�&$0[�

&$0[�02'(/,1*�'$7$%$6(6

7KH�715&&�KDV�GHYHORSHG�&$0[�PRGHOLQJ�GDWDEDVHV�IRU�R]RQH�HSLVRGHV�WKDW�RFFXUUHG�LQ

�����GXULQJ�WKH�&2$67�ILHOG�VWXG\���7KH�HSLVRGH�SHULRGV�DUH�6HSWHPEHU������DQG�$XJXVW����

�����������6HYHUDO�FRQFHUQV�KDYH�EHHQ�UDLVHG�DERXW�WKH�SHUIRUPDQFH�RI�WKHVH�GDWDEDVHV��DQG

WKH�715&&�GLG�QRW�XVH�WKH�$XJXVW�HSLVRGH�LQ�WKH�+*%3$�6,3V��WKH�715&&�LV�FXUUHQWO\

GHYHORSLQJ�QHZ�PRGHOLQJ�HSLVRGHV����+RZHYHU��WKH�HIIHFWV�RI�FKORULQH�ZHUH�HYDOXDWHG�IRU�ERWK

HSLVRGHV�WR�LQFOXGH�D�ZLGHU�UDQJH�RI�FRQGLWLRQV�IRU�WKH�PRGHO�WHVWLQJ�DQG�HYDOXDWLRQ��7KH�DUHD

FRYHUHG�E\�WKH�&$0[�PRGHO�IRU�WKH�&2$67�GRPDLQ�LV�VKRZQ�LQ�)LJXUH�������7KH�&2$67

GRPDLQ�KDV�DQ�RXWHU����NP�JULG�ZLWK�DQ�LQQHU���ZD\�QHVWHG���NP�JULG���7KH�JULG�LV�GHILQHG�LQ

870�]RQH����FRRUGLQDWHV�DQG�KDV���YHUWLFDO�OD\HUV�EHWZHHQ�WKH�VXUIDFH�DQG������NP���7KH

VXUIDFH�OD\HU�LV����PHWHUV�GHHS���7KH�715&&�KDV�DOVR�SHUIRUPHG�+RXVWRQ�PRGHOLQJ�RYHU�D

PXFK�ODUJHU�DUHD�UHIHUUHG�WR�DV�WKH�6XSHU&2$67�GRPDLQ��EXW�VLQFH�WKLV�VWXG\�IRFXVHG�RQ�WKH

HIIHFW�RI�FKORULQH�HPLVVLRQV�LQ�MXVW�WKH�+RXVWRQ�DUHD�LW�ZDV�GHFLGHG�WKDW�WKH�VPDOOHU�&2$67

GRPDLQ�ZRXOG�EH�DGHTXDWH�WR�PHHW�WKH�VWXG\�REMHFWLYHV�

7KH�&2$67�GRPDLQ�PHWHRURORJLFDO�ILHOGV�IRU�ERWK�WKH�$XJXVW�DQG�6HSWHPEHU������HSLVRGHV

ZHUH�GHYHORSHG�XVLQJ�WKH�6$,00�K\GURVWDWLF�PHWHRURORJLFDO�PRGHO�ZLWK�GDWD�DVVLPLODWLRQ

�.HVVOHU�DQG�'RXJODV����������6$,00�ZDV�DSSOLHG�ZLWK�UHODWLYHO\�VWURQJ�DVVLPLODWLRQ�RI�ZLQG

GDWD�LQ�DQ�DWWHPSW�´QXGJHµ�WKH�PRGHO�LQWR�UHSURGXFLQJ�WKH�WLPLQJ�DQG�PDJQLWXGH�RI�WKH

ODQG�VHD�EUHH]HV�/RON�HW�DO������������7KLV�KDV�UDLVHG�VRPH�FRQFHUQV�WKDW�WKH�VWUHQJWK�RI�WKH

QXGJLQJ�PD\�KDYH�FRPSURPLVHG�WKH�FRQVLVWHQF\�RI�WKH�PHWHRURORJLFDO�ILHOGV��<RFNH�HW�DO��

��������$�UHFHQW�VWXG\�GHYHORSHG�DOWHUQDWH�PHWHRURORJLFDO�ILHOGV�IRU�WKH�6HSWHPEHU�(SLVRGH

XVLQJ�WKH�5HJLRQDO�$WPRVSKHULF�0RGHOLQJ�6\VWHP��5$06��DW���NP�UHVROXWLRQ��(PHU\�HW�DO��

��������$�FXUUHQW�VWXG\��(19,521�DQG�05&��������LV�GHYHORSLQJ�DGGLWLRQDO�DOWHUQDWH

PHWHRURORJLFDO�ILHOGV�XVLQJ�WKH�368�1&$5�0HVRVFDOH�0RGHO�YHUVLRQ����00���DW���NP

UHVROXWLRQ��DQG�LQYHVWLJDWLQJ�PHWHRURORJLFDO�PRGHOLQJ�DW�YHU\�ILQH�UHVROXWLRQ�������NP��XVLQJ

5$06�DQG�00����7KHVH�VWXGLHV�PD\�UHVXOW�LQ�PRUH�UHDOLVWLF�PHWHRURORJLFDO�ILHOGV�DQG

LPSURYHG�SKRWRFKHPLFDO�PRGHO�SHUIRUPDQFH�IRU�WKH�6HSWHPEHU������HSLVRGH�

7KH�HPLVVLRQ�LQYHQWRULHV�ZHUH�GHYHORSHG�E\�WKH�715&&�DQG�KDYH�XQGHUJRQH�FRQWLQXDO

XSJUDGHV�WR�LQFOXGH�WKH�ODWHVW�LQIRUPDWLRQ���7KH�LQYHQWRULHV�IRU�WKH�6HSWHPEHU�HSLVRGH�DUH

PRUH�XSGDWHG�WKDQ�IRU�WKH�$XJXVW�HSLVRGH�EHFDXVH�WKH�6HSWHPEHU�HSLVRGH�FRQWLQXHV�WR�EH�XVHG

IRU�6,3�PRGHOLQJ���)RU�H[DPSOH��WKH�ELRJHQLF�HPLVVLRQV�ZHUH�XSGDWHG�EDVHG�RQ�QHZ�ORFDO

VXUYH\V�DQG�WKH�ODWHVW�HPLVVLRQ�IDFWRUV�DV�GHVFULEHG�LQ�<DUZRRG�HW�DO������������7KH�ELRJHQLF

HPLVVLRQ�LQYHQWRULHV�ZHUH�SUHSDUHG�XVLQJ�WKH�*/2%(,6�PRGHO��KWWS���ZZZ�JOREHLV�FRP��

7KH�DQWKURSRJHQLF�HPLVVLRQ�LQYHQWRULHV�ZHUH�SUHSDUHG�XVLQJ�602.(

�KWWS���HQYSUR�QFVF�RUJ�SURGXFWV�VPRNH���
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%RXQGDU\�FRQGLWLRQV�DUH�LPSRUWDQW�IRU�WKH�&2$67�GRPDLQ��SDUWLFXODUO\�DORQJ�WKH�HDVWHUQ

ERXQGDU\�FORVH�WR�%3$���715&&�UDQ�D�UHJLRQDO�VFDOH�PRGHO��<RFNH�HW�DO���������WR�GHYHORS

LQLWLDO�FRQGLWLRQV��,&V��DQG�ERXQGDU\�FRQGLWLRQV��%&V��IRU�WKH�&2$67�GRPDLQ��L�H��RQH�ZD\

QHVWLQJ�RI�WKH�&2$67�PRGHO�LQWR�WKH�UHJLRQDO�PRGHO�

7KH�PRGHOLQJ�SUHVHQWHG�KHUH�ZDV�SHUIRUPHG�XVLQJ�WKH�ODWHVW�YHUVLRQ��YHUVLRQ�������RI�WKH

&RPSUHKHQVLYH�$LU�4XDOLW\�0RGHO�ZLWK�H[WHQVLRQV��&$0[���KWWS���ZZZ�FDP[�FRP����7KH

RQO\�PRGLILFDWLRQ�IURP�WKH�SXEOLF�YHUVLRQ�RI�&$0[�����ZDV�WKH�LPSOHPHQWDWLRQ�RI�DGGLWLRQDO

FKHPLFDO�UHDFWLRQV�IRU�FKORULQH�VSHFLHV�DV�GHVFULEHG�EHORZ�

7KH�715&&�SURYLGHG�WKH�&$0[�LQSXW�ILOHV�IRU�WKH�6HSWHPEHU�DQG�$XJXVW������HSLVRGHV���7R

GRFXPHQW�WKH�LQSXW�GDWD�WKDW�ZHUH�XVHG��WKH�&$0[�FRQWURO�ILOHV�IRU�WKH�ILUVW�GD\�RI�WKH

6HSWHPEHU������DQG�$XJXVW������HSLVRGHV�DUH�VKRZQ�LQ�)LJXUHV�����DQG������UHVSHFWLYHO\�

)LJXUH�������0DS�RI�WKH�&2$67�GRPDLQ�VKRZLQJ�WKH�ORFDWLRQ�RI�WKH���NP�+*%3$�QHVWHG
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)LJXUH������&$0[�FRQWURO�ILOH��&$0[�LQ��IRU�WKH�ILUVW�GD\�RI�WKH�6HSWHPEHU������HSLVRGH�

CAMx verson        |VERSION3
Run message        |CAMx COAST: HG/BPA 4x4km subgrid, 930906; Cl.emiss.linux
Root output name   |../output/Cl.emiss.linux/CAMx3.930906.Cl.emiss.linux
Start yr/mo/dy/hr  |93 09 06    0.
End   yr/mo/dy/hr  |93 09 06 2400.
dtmx,dtin,dtem,dtou|0.5 1. 1. 1.
nx,ny,nz           |31  28  8
Coordinate ID      |UTM
xorg,yorg,dx,dy    |4. 3000.  16.  16. 15
time zone          |6
PiG parameters     |2000. 12.
Avg output species |26
                   |O3        NO        NO2       PAN       NTR       HNO3
                   |PAR       OLE       TOL       XYL       FORM      ALD2
                   |ETH       ISOP      MEOH      ETOH      CO        H2O2
                   |CL2       HOCL      FMCL      HCL       ICL1      ICL2
                   |BCL1      BCL2
# nested grids     |1
nest grid params   |11 30 11 25 8 4
SMOLAR or BOTT?    |SMOLAR
Chemistry solver   |CMC
Restart            |false
Chemistry          |true
Dry dep            |true
Wet dep            |false
PiG submodel       |true
Staggered winds    |false
Treat area  emiss  |true
Treat point emiss  |true
1-day emiss inputs |false
3-D average file   |false
Source Apportion   |false
Chemparam          |../common/CAMx3.chemparm.3.cl
Photolysis rates   |../common/uamv_photorate.930906-930911.isop
Landuse            |../common/uamv_landuse.coast_16km
Height/pressure    |../met/uamv_zp.930906.coast_16km
Wind               |../met/uamv_wind.930906.coast_16km.CAMx2
Temperature        |../met/uamv_temp.930906.coast_16km.CAMx2
Water vapor        |../met/uamv_hum.930906.coast_16km
Cloud cover        |
Rainfall           |
Vertical diffsvty  |../met/uamv_kv.930906.coast_16km
Initial conditions |../bc-ic-tc/1993/uamv_ic.930906.uamv124_reg
Boundary conditions|../bc-ic-tc/1993/uamv_bc.930906.uamv124_reg
Top concentration  |../bc-ic-tc/1993/uamv_tc.clean
Albedo/haze/ozone  |../common/uamv_aho.930906-930911.coast_16km+hgbpa_04km
Point emiss        |../ei/1993/uamv_el_ei.930906.93.base.chlorine.a0
Area emiss         |../ei/1993/uamv_lo_ei.930906.coast_16km.93.base.regular
Landuse         #1 |../common/uamv_landuse.hgbpa_04km
Height/pressure #1 |../met/uamv_zp.930906.hgbpa_04km
Wind            #1 |../met/uamv_wind.930906.hgbpa_04km.CAMx2
Temp            #1 |../met/uamv_temp.930906.hgbpa_04km.CAMx2
Vertical diff   #1 |../met/uamv_kv.930906.hgbpa_04km
Area emiss      #1 |../ei/1993/uamv_lo_ei.930906.hgbpa_04km.93.base.regular
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)LJXUH�������&$0[�FRQWURO�ILOH��&$0[�LQ��IRU�WKH�ILUVW�GD\�RI�WKH�$XJXVW������HSLVRGH�

CAMx verson        |VERSION3
Run message        |CAMx COAST: HG/BPA 4x4km subgrid, 930816; Aug.Cl.emiss
Root output name   |../output/Aug.Cl.emiss/CAMx3.930816.aug.Cl.emiss
Start yr/mo/dy/hr  |93 08 16    0.
End   yr/mo/dy/hr  |93 08 16 2400.
dtmx,dtin,dtem,dtou|0.5 1. 1. 1.
nx,ny,nz           |31  28  8
Coordinate ID      |UTM
xorg,yorg,dx,dy    |4. 3000.  16.  16. 15
time zone          |6
PiG parameters     |2000. 12.
Avg output species |26
                   |O3        NO        NO2       PAN       NTR       HNO3
                   |PAR       OLE       TOL       XYL       FORM      ALD2
                   |ETH       ISOP      MEOH      ETOH      CO        H2O2
                   |CL2       HOCL      FMCL      HCL       ICL1      ICL2
                   |BCL1      BCL2
# nested grids     |1
nest grid params   |11 30 11 25 8 4
SMOLAR or BOTT?    |SMOLAR
Chemistry solver   |CMC
Restart            |false
Chemistry          |true
Dry dep            |true
Wet dep            |false
PiG submodel       |true
Staggered winds    |false
Treat area  emiss  |true
Treat point emiss  |true
1-day emiss inputs |false
3-D average file   |false
Source Apportion   |false
Chemparam          |../common/CAMx3.chemparm.3.cl
Photolysis rates   |../common/uamv_photorate.930816-930820.isop
Landuse            |../common/uamv_landuse.coast_16km
Height/pressure    |../met/uamv_zp.930816.coast_16km
Wind               |../met/uamv_wind.930816.coast_16km.CAMx3
Temperature        |../met/uamv_temp.930816.coast_16km.CAMx3
Water vapor        |../met/uamv_hum.930816.coast_16km
Cloud cover        |
Rainfall           |
Vertical diffsvty  |../met/uamv_kv.930816.coast_16km
Initial conditions |../bc-ic-tc/1993/uamv_ic.930816.uamv124_reg
Boundary conditions|../bc-ic-tc/1993/uamv_bc.930816.uamv124_reg
Top concentration  |../bc-ic-tc/1993/uamv_tc.clean
Albedo/haze/ozone  |../common/uamv_aho.930816-930820.coast_16km+hgbpa_04km
Point emiss        |../ei/9308/uamv_el_ei.930816.93.base.chlorine
Area emiss         |../ei/9308/uamv_lo_ei.930816.coast_16km.93.base.regular
Landuse         #1 |../common/uamv_landuse.hgbpa_04km
Height/pressure #1 |../met/uamv_zp.930816.hgbpa_04km
Wind            #1 |../met/uamv_wind.930816.hgbpa_04km.CAMx3
Temp            #1 |../met/uamv_temp.930816.hgbpa_04km.CAMx3
Vertical diff   #1 |../met/uamv_kv.930816.hgbpa_04km
Area emiss      #1 |../ei/9308/uamv_lo_ei.930816.hgbpa_04km.93.base.regular
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&+/25,1(�(0,66,216

7KH�FKORULQH�HPLVVLRQ�LQYHQWRU\�ZDV�SUHSDUHG�E\�87�DQG�LV�GHVFULEHG�LQ�GHWDLO�HOVHZKHUH

�7DQDND�DQG�$OOHQ����������%ULHIO\��WKH�LQYHQWRU\�LQFOXGHG�IROORZLQJ�VRXUFH�W\SHV�

• 3RLQW�VRXUFHV�LQFOXGHG�LQ�WKH�715&&·V�SRLQW�VRXUFH�GDWDEDVH��36'%��DQG�WKH�7R[LF

5HOHDVH�,QYHQWRU\��75,��

• (PLVVLRQV�IURP�FKORULQDWLQJ�VZLPPLQJ�SRROV�

• (PLVVLRQV�IURP�FKORULQDWLQJ�ODUJH�FRROLQJ�WRZHUV�

• )RUPDWLRQ�RI�FKORULQH�IURP�VHD�VDOW�UHDFWLRQV�LQ�WKH�DWPRVSKHUH�

7KHUH�LV�XQFHUWDLQW\�ZKHWKHU�HPLVVLRQV�IURP�FRROLQJ�WRZHUV�DQG�VZLPPLQJ�SRROV�DUH�LQ�WKH

IRUP�RI�PROHFXODU�FKORULQH��&O���RU�K\SRFKORURXV�DFLG��+2&O���RU�ERWK���)RU�WKLV�VWXG\��87

UHFRPPHQGHG�DVVXPLQJ�WKDW�DOO�HPLVVLRQV�DUH�LQ�WKH�IRUP�RI�&O���SHUVRQDO�FRPPXQLFDWLRQ

IURP�'DYLG�$OOHQ��87��

7KH�FKORULQH�HPLVVLRQ�HVWLPDWHV�SURYLGHG�E\�87�ZHUH�SURFHVVHG�XVLQJ�WKH�HPLVVLRQV

SUHSURFHVVRU�V\VWHP�YHUVLRQ����(36���DQG�IRUPDWWHG�IRU�&$0[����)RU�VLPSOLFLW\��87

UHSUHVHQWHG�DOO�HPLVVLRQV�DV�SRLQW�VRXUFHV��H�J���DUHD�VRXUFH�HPLVVLRQV�VXFK�DV�VZLPPLQJ

SRROV�ZHUH�EURNHQ�RXW�E\�JULG�FHOO�DQG�UHSUHVHQWHG�DV�D�VLQJOH�SRLQW�VRXUFH�UHOHDVHG�DW�WKH

VXUIDFH�LQ�WKH�FHQWHU�RI�WKH�DSSURSULDWH�JULG�FHOO����7KXV��RQO\�WKH�SRLQW�VRXUFH�HPLVVLRQ�ILOH

IRU�&$0[�ZDV�PRGLILHG�E\�WKH�LQFOXVLRQ�RI�FKORULQH�VRXUFHV�²�WKH�DUHD�VRXUFH�HPLVVLRQ�ILOHV

GLG�QRW�FKDQJH�IURP�WKH�EDVH�FDVH���7KH�FKORULQH�SRLQW�VRXUFHV�ZHUH�PHUJHG�ZLWK�WKH�92&�

12[�DQG�&2�SRLQW�VRXUFHV�IRU�WKH�&2$67�GRPDLQ�

7KH�&O� HPLVVLRQ�LQYHQWRU\�ZDV�WKH�VDPH�IRU�HDFK�GD\�PRGHOHG�DQG�WRWDOHG������WRQV�RI�&O��

7KH�PDJQLWXGH�RI�WKH�&O� HPLVVLRQV�YDULHG�E\�KRXU���7KH�VSDWLDO�GLVWULEXWLRQ�RI�HPLVVLRQV�DW

KRXU�����PLG�GD\��LV�VKRZQ�LQ�)LJXUHV�����DQG�������7KH�JHRJUDSKLF�H[WHQW�DQG�VFDOH�LQ�)LJXUH

����ZHUH�FKRVHQ�WR�VKRZ�DOO�DUHDV�WKDW�ZHUH�LQIOXHQFHG�E\�FKORULQH�HPLVVLRQV���)LJXUH����

FRQILUPV�WKDW�FKORULQH�HPLVVLRQV�ZHUH�RQO\�PRGHOHG�IRU�FRXQWLHV�DURXQG�+RXVWRQ�DQG

%HDXPRQW�DQG�MXVW�RIIVKRUH��VHD�VDOW�UHODWHG�HPLVVLRQV��RI�WKHVH�FRXQWLHV���)LJXUH�����LV

GHVLJQHG�WR�VKRZ�WKH�ORFDWLRQ�RI�ODUJHU�VRXUFHV�LQ�MXVW�WKH�+RXVWRQ�%HDXPRQW�DUHD���)RU

UHIHUHQFH��DQ�HPLVVLRQ�UDWH�RI�����PROHV�KRXU�LV�HTXLYDOHQW�WR������WRQV�GD\�RI�&O����7KHVH

ILJXUHV�VKRZ�VPDOOHU�EXW�ZLGHVSUHDG�&O� HPLVVLRQV�IURP�VZLPPLQJ�SRROV�DQG�RU�VHD�VDOW�ZLWK

LVRODWHG�ODUJHU�HPLVVLRQV�IURP�SRLQW�VRXUFHV�DQG�RU�FRROLQJ�WRZHUV�

/LPLWDWLRQV�RI�WKH�&KORULQH�(PLVVLRQ�,QYHQWRU\

$IWHU�WKH�R]RQH�PRGHOLQJ�KDG�EHHQ�FRPSOHWHG�XVLQJ�WKH�FKORULQH�HPLVVLRQV�GHVFULEHG�DERYH��D

VLJQLILFDQW�HUURU�ZDV�LGHQWLILHG�LQ�WKH�HPLVVLRQV�FDOFXODWLRQV�IRU�FRROLQJ�WRZHUV���&RROLQJ

WRZHUV�LQ�+DUULV�&RXQW\��ZKLFK�FRQWDLQV�+RXVWRQ��ZHUH�RPLWWHG�IURP�WKH�VSDWLDO�DOORFDWLRQ�RI

FRROLQJ�WRZHU�HPLVVLRQV���7KH�UHVXOW�LV�WKDW�HPLVVLRQV�RI�UHDFWLYH�FKORULQH�ZHUH�XQGHUVWDWHG�LQ

+DUULV�&RXQW\�DQG�RYHUVWDWHG�LQ�RWKHU�DUHDV�
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)LJXUH�������(PLVVLRQV�GHQVLW\�SORW�IRU�PROHFXODU�FKORULQH�HPLVVLRQV�RYHU�WKH�ZKROH�&2$67

GRPDLQ���(PLVVLRQV�VFDOH�PD[LPXP�VHW�DW���PROH�KRXU�JULG�FHOO�

)LJXUH�������(PLVVLRQV�GHQVLW\�SORW�IRU�PROHFXODU�FKORULQH�HPLVVLRQV�LQ�WKH�+RXVWRQ�%HDXPRQW

DUHD���(PLVVLRQV�VFDOH�PD[LPXP�VHW�DW�����PROHV�KRXU�JULG�FHOO�
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&+/25,1(�5($&7,21�0(&+$1,60

7KH�&%��PHFKDQLVP�LQ�&$0[�ZDV�PRGLILHG�E\�DGGLQJ����UHDFWLRQV�IRU�FKORULQH�VSHFLHV��DV

VKRZQ�LQ�7DEOH�������7KH�EDVH�&%��PHFKDQLVP�LV�OLVWHG�LQ�WKH�&$0[�8VHU·V�*XLGH

�KWWS���ZZZ�FDP[�FRP��

7DEOH�������&KORULQH�UHDFWLRQV�DGGHG�WR�WKH�&%��PHFKDQLVP�

Reactants Products k(298)
ppm-1  min -n

97 CL2 = 2 CL 0.295 * JNO2
98 HOCL = 1 OH          1 CL 0.0295 * JNO2
99 CL       O3 = 1 CLO         1 O2 17790
100 CLO      NO = 1 CL          1 NO2 24491
101 CLO      HO2 = 1 HOCL        1 O2 7314.4
102 CL       PAR = 1 HCL         0.87 XO2      0.13 XO2N 93834

0.11 RCHO     0.76 ROR     -0.11 PAR
103 CL       OLE = 1 FMCL        1 RCHO        2 XO2 840000

1 HO2        -1 PAR
104 CL = 1 HCL         1 XO2         1 FORM 281.57

1 HO2
105 CL       ETH = 1 FORM        2 XO2         1 FMCL 150190

1 HO2
106 CL       ISOP = 0.15 HCL      1 XO2         1 HO2 664200

0.28 ICL1
107 OH       ICL1 = 1 ICL2 28044
108 CL       BUTA = 1 XO2         1 HO2       0.7 BCL1 619920
109 OH       BCL1 = 1 BCL2 53136

7KH�IROORZLQJ�SRLQWV�VKRXOG�EH�QRWHG�LQ�UHDGLQJ�7DEOH�����

• 5HDFWLRQV����DQG����DUH�SKRWRO\VLV�UHDFWLRQV���'HWDLOHG�SKRWRO\VLV�UDWHV�ZHUH�FDOFXODWHG�IRU

WKHVH�UHDFWLRQV�XVLQJ�WKH�ODWHVW�FURVV�VHFWLRQ�DQG�TXDQWXP�\LHOG�GDWD�LGHQWLILHG�E\�7DQDND

DQG�$OOHQ��������DQG�WKH�789�UDGLDWLYH�WUDQVIHU�PRGHO��KWWS���ZZZ�DFG�XFDU�HGX�789���

%DVHG�RQ�WKHVH�FDOFXODWLRQV��VLPSOH�UDWLRV�WR�WKH�12��SKRWRO\VLV�UDWH��-12���ZHUH

GHYHORSHG�DV�VKRZQ�LQ�7DEOH�������7KH�SKRWRO\VLV�UDWH�FDOFXODWLRQV�DUH�IXUWKHU�GHVFULEHG�LQ

$SSHQGL[���

• 5DWH�FRQVWDQWV�IRU�WKH�WKHUPDO�UHDFWLRQV��������ZHUH�VSHFLILHG�XVLQJ�WKH�WHPSHUDWXUH

DQG�RU�SUHVVXUH�GHSHQGHQW�H[SUHVVLRQV�UHFRPPHQGHG�E\�7DQDND�DQG�$OOHQ����������)RU

VLPSOLFLW\��WKH�UDWH�FRQVWDQW�DW�����.�DQG���DWPRVSKHUH�LV�VKRZQ�LQ�7DEOH�����LQ

FRQFHQWUDWLRQ�XQLWV�RI�SSP�DQG�WLPH�XQLWV�RI�PLQXWHV�

• 7KH�&O���2��UHDFWLRQ������ZDV�DGGHG�WR�SHUPLW�VHQVLWLYLW\�VWXGLHV�WR�LQYHVWLJDWH�WKH

LPSRUWDQFH�RI�WKLV�UHDFWLRQ���7KHRUHWLFDO�DQDO\VLV�VXJJHVWV�WKDW�WKLV�UHDFWLRQ��DQG

VXEVHTXHQW�UHDFWLRQV�RI�&/2��KDV�QHJOLJLEOH�LPSDFW��7DQDND�DQG�$OOHQ��������

• 5HDFWLRQ�����DFFRXQWV�IRU�UHDFWLRQ�RI�&O�DWRPV�ZLWK�PHWKDQH�DVVXPLQJ�D�EDFNJURXQG

PHWKDQH�FRQFHQWUDWLRQ�RI������SSP�
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• 7KH�UHDFWLRQV�RI�����EXWDGLHQH�ZHUH�LQFOXGHG�EHFDXVH�WKH\�SURYLGH�D�SRWHQWLDOO\�XQLTXH

PDUNHU�SURGXFW�IRU�&O�DWRP�UHDFWLRQV�LQ�WKH�DWPRVSKHUH��7DQDND�DQG�$OOHQ����������$W�WKLV

WLPH��WKH�HPLVVLRQ�LQYHQWRULHV�GR�QRW�LQFOXGH�����EXWDGLHQH�VR�WKLV�FDSDELOLW\�FDQ�QRW�EH

XVHG�\HW�

• 7HQ�QHZ�VSHFLHV�DUH�DGGHG�WR�WKH�&%��PHFKDQLVP��DV�OLVWHG�LQ�7DEOH�����

7DEOH�������6SHFLHV�DGGHG�WR�WKH�&%��PHFKDQLVP�WR�GHVFULEH�FKORULQH�UHDFWLRQV�

&%��1DPH 'HVFULSWLRQ

&/� 0ROHFXODU�FKORULQH

&/ &KORULQH�DWRP

&/2 &KORULQH�PRQR[LGH�UDGLFDO

+2&/ +\SRFKORURXV�DFLG

)0&/ )RUP\O�FKORULGH���+&�2�&O

+&/ +\GURFKORULF�DFLG

,&/� 5HDFWLRQ�SURGXFW���IURP�&O���,VRSUHQH

,&/� 5HDFWLRQ�SURGXFW�IURP�&O���,&/�

%87$ ����%XWDGLHQH

%&/� 5HDFWLRQ�SURGXFW���IURP�&O�������%XWDGLHQH

%&/� 5HDFWLRQ�SURGXFW���IURP�&O���%&/�

4XDOLW\�$VVXUDQFH��9HULI\LQJ�WKH�LPSOHPHQWDWLRQ�RI�WKH�&KORULQH�PHFKDQLVP�LQ�&$0[�

6HYHUDO�VWHSV�ZHUH�WDNHQ�WR�HQVXUH�WKDW�WKH�FRUUHFW�UHDFWLRQV�ZHUH�LPSOHPHQWHG�LQ�&$0[���7KH

&$0[�FKHPLVWU\�VROYHU�XVHV�D�FKHPLFDO�PHFKDQLVP�FRPSLOHU��&0&��WR�JHQHUDWH�PRGHO�FRGH

ZKLFK�PLQLPL]HV�WKH�SRWHQWLDO�IRU�W\SRJUDSKLFDO�HUURUV���7KH�UHDFWLRQ�OLVWLQJ�DQG�UDWH�FRQVWDQW

YDOXHV�VKRZQ�LQ�7DEOH�����ZHUH�RXWSXW�IURP�WKH�&0&�DQG�&$0[��VR�WKHVH�DUH�WKH�H[DFW

UHDFWLRQV�DQG�UDWH�FRQVWDQWV�PRGHOHG���7KH�LQIRUPDWLRQ�VKRZQ�LQ�7DEOH�����ZDV�FRPSDUHG�WR

$OOHQ�DQG�7DQDND��������WR�HQVXUH�FRUUHFW�LPSOHPHQWDWLRQ�

7KH�QH[W�VWHS�ZDV�WR�FKHFN�WKH�DFFXUDF\�RI�WKH�&$0[�FKHPLVWU\�VROYHU�ZLWK�FKORULQH�UHDFWLRQV

DJDLQVW�D�UHIHUHQFH�QXPHULFDO�PHWKRG��/62'(����7KLV�SURFHGXUH�LV�WKH�VDPH�DV�WKH�HYDOXDWLRQ

RI�WKH�VWDQGDUG�&%��FKHPLVWU\�VROYHU�LQ�&$0[�GHVFULEHG�LQ�WKH�&$0[�8VHU·V�*XLGH���7KH

&$0[�FKHPLVWU\�VROYHU�SUHGLFWLRQV�DJUHHG�ZHOO�ZLWK�WKH�/62'(�*HDU�VROYHU�SUHGLFWLRQV��DV

VKRZQ�LQ�$SSHQGL[���

7KH�ILQDO�VWHS�ZDV�D�FRPSDULVRQ�RI�&$0[�VLPXODWLRQ�UHVXOWV�IRU�WKH�´FKORULQH�FKHPLVWU\µ

YHUVLRQ�RI�&$0[��WR�WKH�VWDQGDUG�&$0[�����UHVXOW�ZKHQ�WKHUH�DUH�QR�VRXUFHV�RI�FKORULQH�

:LWK�QR�LQSXW�RI�FKORULQH��ZH�H[SHFW�WR�JHW�LGHQWLFDO�PRGHO�SUHGLFWLRQV�IURP�WKH�YHUVLRQV�RI

&$0[�ZLWK�DQG�ZLWKRXW�WKH�FKORULQH�UHDFWLRQV���7KH�PD[LPXP�GLIIHUHQFHV�LQ�SUHGLFWHG�R]RQH

FRQFHQWUDWLRQV�ZHUH�RQ�WKH�RUGHU������SSP��ZKLFK�LV�YHU\�VPDOO�DQG�RQ�WKH�RUGHU�RI�VLQJOH

SUHFLVLRQ�QXPHULFDO�URXQG�RII���'LIIHUHQFHV�IRU�RWKHU�VSHFLHV�ZHUH�VLPLODUO\�VPDOO�

%DVHG�RQ�WKH�UHVXOWV�RI�WKHVH�TXDOLW\�DVVXUDQFH�VWHSV�ZH�DUH�VDWLVILHG�WKDW�WKH�FKORULQH�UHDFWLRQV

ZHUH�FRUUHFWO\�LPSOHPHQWHG�LQ�&$0[�IRU�WKLV�VWXG\�
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����&$0[�5(68/76

2]RQH�PRGHOLQJ�ZDV�SHUIRUPHG�IRU�WKH�+RXVWRQ�DUHD��&2$67�GRPDLQ��XVLQJ�DQ�LPSURYHG

YHUVLRQ�RI�&$0[���DV�GHVFULEHG�LQ�VHFWLRQ�����7KH�PRGHOLQJ�XVHG�H[LVWLQJ�GDWDEDVHV�SUHSDUHG

E\�WKH�715&&�ZLWK�UHDFWLRQ�FKORULQH�HPLVVLRQ�HVWLPDWHV�IURP�87�DQG�WKH�VLPSOH�FKRULQH

UHDFWLRQ�PHFKDQLVP�GHYHORSHG�DW�87���$V�GLVFXVVHG�LQ�VHFWLRQ����DQ�HUURU�LQ�WKH�VSDWLDO

GLVWULEXWLRQ�RI�WKH�FKORULQH�HPLVVLRQV�XQGHUHVWLPDWHG�FKORULQH�HPLVVLRQV�LQ�+DUULV�&RXQW\�DQG

RYHUVWDWHG�HPLVVLRQV�HOVHZKHUH���&RQVHTXHQWO\��WKH�PRGHOLQJ�UHVXOWV�SUHVHQWHG�LQ�WKH�ILJXUHV

DQG�WDEOHV�LQ�WKLV�VHFWLRQ�VKRXOG�QRW�EH�XVHG�WR�TXDQWLWDWLYHO\�HYDOXDWH�WKH�SRWHQWLDO�LPSDFWV�RI

FKORULQH�HPLVVLRQV�LQ�WKH�+RXVWRQ�DUHD�

&$0[�VLPXODWLRQV�VXFFHVVIXOO\�FRPSOHWHG�IRU�WZR�HSLVRGH�SHULRGV��6HSWHPEHU������DQG

$XJXVW���������������:KHQ�QR�FKORULQH�HPLVVLRQV�ZHUH�LQSXW�WR�WKH�PRGLILHG�YHUVLRQ�RI

&$0[��WKH�SUHGLFWHG�R]RQH�OHYHOV�ZHUH�WKH�VDPH�DV�IURP�WKH�SXEOLFO\�UHOHDVHG�YHUVLRQ������RI

&$0[���%DVHG�RQ�WKHVH�UHVXOWV�DQG�WKH�TXDOLW\�DVVXUDQFH�ILQGLQJV�SUHVHQWHG�LQ�VHFWLRQ���ZH

FRQFOXGH�WKDW�WKH�YHUVLRQ�RI�&$0[�ZLWK�FKORULQH�FKHPLVWU\�LV�UHDG\�WR�EH�XVHG�LQ�D�UHJXODWRU\

VHWWLQJ���7KLV�VDWLVILHV�ILUVW�WZR�REMHFWLYHV�RI�WKLV�VWXG\�OLVWHG�LQ�VHFWLRQ���

7KH�R]RQH�PRGHOLQJ�UHVXOWV�IRU�WKH�6HSWHPEHU�DQG�$XJXVW������&2$67�GRPDLQ�HSLVRGHV�DUH

SUHVHQWHG�LQ�VHULHV�RI�WDEOHV�DQG�ILJXUHV�LQ�$SSHQGLFHV���DQG�����0RGHO�VSLQ�XS�GD\V�ZHUH

JHQHUDOO\�H[FOXGHG�DQG�VR�WKH�UHVXOWV�IRFXV�RQ�6HSWHPEHU������DQG�$XJXVW���������������7KH

SUHVHQWDWLRQ�RI�UHVXOWV�DOVR�IRFXVHV�RQ���NP�JULG�DUHD��)LJXUH��������7KH�IROORZLQJ�UHVXOWV�DUH

SUHVHQWHG�IRU�HDFK�HSLVRGH�

• 7DEOHV�RI���KRXU�R]RQH�PRGHO�SHUIRUPDQFH�VWDWLVWLFV�ZLWK�DQG�ZLWKRXW�FKORULQH�HPLVVLRQV�

• ,VRSOHWK�SORWV�RI�GDLO\�PD[LPXP���KRXU�R]RQH�ZLWK�REVHUYDWLRQV�IRU�VLPXODWLRQV�LQFOXGLQJ

FKORULQH�HPLVVLRQV�

• ,VRSOHWK�SORWV�RI�WKH�GLIIHUHQFH�LQ�GDLO\�PD[LPXP���KRXU�R]RQH�GXH�WR�FKORULQH�HPLVVLRQV�

• 7LPH�VHULHV�RI�KRXUO\���KRXU�R]RQH�REVHUYDWLRQV�DQG�SUHGLFWLRQV�ZLWK�DQG�ZLWKRXW�FKORULQH

HPLVVLRQV�

• ,VRSOHWK�SORWV�RI�GDLO\�PD[LPXP���KRXU�FKORULQH��&/���

• ,VRSOHWK�SORWV�RI�GDLO\�PD[LPXP���KRXU�K\GURFKORULF�DFLG��+&/��

• ,VRSOHWK�SORWV�RI�GDLO\�PD[LPXP���KRXU�IRUP\O�FKORULGH��)0&/��

'LVFXVVLRQ�RI�5HVXOWV

7KH�LPSDFW�RI�FKORULQH�HPLVVLRQV�LQ�WKH�+RXVWRQ�DUHD�FDQ�EH�GLVFXVVHG�XVLQJ�MXVW�D�IHZ�RI�WKH

PRGHO�UHVXOWV���7DEOH�����VKRZV�WKH�SHDN���KRXU�R]RQH�FRQFHQWUDWLRQV�IRU�HDFK�HSLVRGH�GD\

ZLWK�DQG�ZLWKRXW�FKORULQH�HPLVVLRQV���'HSHQGLQJ�XSRQ�WKH�GD\��WKH�LPSDFW�RI�FKORULQH

HPLVVLRQV�RQ�WKH�SHDN�R]RQH�UDQJHG�IURP�]HUR�WR�����SSE���7KH�PDJQLWXGH�RI�WKH�LPSDFW

GHSHQGV�XSRQ�WKH�JHRJUDSKLF�UHODWLRQVKLS�EHWZHHQ�WKH�FKORULQH�HPLVVLRQV�DQG�WKH�ORFDWLRQ�RI

WKH�R]RQH�SHDN�RQ�HDFK�GD\���7DEOH�����DOVR�VKRZV�WKH�ODUJHVW�LPSDFW�RI�FKORULQH�RQ�WKH�GDLO\

PD[LPXP���KRXU�R]RQH�LQ�DQ\���NP�JULG�FHOO�RQ�HDFK�GD\��ZKLFK�UDQJHG�IURP���WR����SSE�

&KORULQH�HPLVVLRQV�KDG�OLWWOH�LPSDFW�RQ�WKH�(3$�PRGHO�SHUIRUPDQFH�VWDWLVWLFV��VHH�$SSHQGLFHV

��DQG����EHFDXVH�WKH�LPSDFWV�RQ�SHDN�R]RQH�ZHUH�VPDOO�DQG�ODUJHU�LPSDFWV�DZD\�IURP�WKH�SHDN

ZHUH�KLJKO\�ORFDOL]HG�DQG�IUHTXHQWO\�GLG�QRW�FRLQFLGH�ZLWK�WKH�PRQLWRU�ORFDWLRQV�XVHG�LQ�WKH

VWDWLVWLFDO�FDOFXODWLRQV�
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7DEOH�������,PSDFW�RI�FKORULQH�HPLVVLRQV�RQ�WKH�SHDN�SUHGLFWHG���KRXU�R]RQH�DQG�WKH�ODUJHVW

LPSDFW�RQ�GDLO\�PD[LPXP���KRXU�R]RQH�LQ�DQ\���NP�JULG�FHOO�RQ�HDFK�GD\�

(SLVRGH�'D\

3HDN�2]RQH

ZLWKRXW�FKORULQH

�SSE�

3HDN�2]RQH

ZLWK�FKORULQH

�SSE�

,PSDFW�RI

FKORULQH�RQ�SHDN

R]RQH��SSE�

/DUJHVW�LPSDFW�RI

FKORULQH�RQ�GDLO\

PD[LPXP�R]RQH��SSE�

���$XJ��� ����� ����� ��� �

���$XJ��� ����� ����� ��� �

���$XJ��� ��� ����� ��� �

���$XJ��� ����� ����� ��� �

��6HS��� ����� ����� ��� ��

��6HS��� ����� ����� ��� ��

���6HS��� ����� ����� ��� �

���6HS��� ����� ����� ��� ��

)LJXUH�����VKRZV�IRXU�LVRSOHWK�SORWV�IRU�6HSWHPEHU��WK��WKH�GLIIHUHQFH�LQ�PD[LPXP�R]RQH�

PD[LPXP�FKORULQH��&/����PD[LPXP�K\GURFKORULF�DFLG��+&/��DQG�PD[LPXP�IRUP\O�FKORULGH

�)0&/����7KH�ODUJHVW�R]RQH�LQFUHDVH�RQ�WKLV�GD\�ZDV����SSE�QHDU�7H[DV�&LW\�RQ�WKH�ZHVW�VLGH

RI�*DOYHVWRQ�%D\���7KLV�LQFUHDVH�FRLQFLGHV�ZLWK�VHYHUDO�SRLQW�VRXUFHV�RI�FKORULQH�HPLVVLRQV�

1RWH�WKDW�WKH�PDJQLWXGH�RI�WKH�FKORULQH�HPLVVLRQV�DQG�FRQFHQWUDWLRQ�LPSDFWV�DW�WKLV�ORFDWLRQ

DUH�RYHUVWDWHG�GXH�WR�WKH�HPLVVLRQ�LQYHQWRU\�HUURU�GHVFULEHG�LQ�VHFWLRQ�����+RZHYHU��WKH�PRGHO

UHVXOWV�IRU�WKLV�GD\�FDQ�EH�XVHG�WR�GHVFULEH�WKH�TXDOLWDWLYH�UHVSRQVH�RI�WKH�PRGHO�WR�FKORULQH

HPLVVLRQV�IRU�DQ�LQGXVWULDO�DUHD�QHDU�+RXVWRQ���)LJXUH�����VKRZV�D�WLPH�VHULHV�RI�KRXUO\�R]RQH

FRQFHQWUDWLRQV�DW�WKLV�ORFDWLRQ��QR�REVHUYDWLRQV�DUH�VKRZQ�EHFDXVH�WKLV�ORFDWLRQ�GRHV�QRW

FRLQFLGH�ZLWK�D�PRQLWRU����7KH�WLPH�VHULHV�VKRZ�WKDW�WKH�FKRULQH�HPLVVLRQV�DFFHOHUDWHG�R]RQH

IRUPDWLRQ�LQ�WKH�PRUQLQJ�WKURXJK�DERXW�PLG�GD\�EXW�KDG�OHVV�LPSDFW�RQ�DIWHUQRRQ�R]RQH

OHYHOV���7KLV�LV�FRQVLVWHQW�ZLWK�PRUQLQJ�R]RQH�IRUPDWLRQ�EHLQJ�OLPLWHG�E\�WKH�DYDLODELOLW\�RI

UDGLFDOV�WR�LQLWLDWH�UHDFWLRQV��D�FRQGLWLRQ�ZKHUH�R]RQH�IRUPDWLRQ�LV�DOVR�92&�VHQVLWLYH����6LQFH

FKORULQH�HPLVVLRQV�SURYLGH�DGGLWLRQDO�UDGLFDO�VRXUFHV��PRUQLQJ�R]RQH�IRUPDWLRQ�LV�DFFHOHUDWHG

DQG�R]RQH�OHYHOV�DUH�LQFUHDVHG�ZKHQ�FKORULQH�LV�DGGHG�WR�WKH�PRGHO�VLPXODWLRQ���7KH�VPDOOHU

LPSDFW�RI�FKORULQH�HPLVVLRQV�LQ�WKH�DIWHUQRRQ�FRXOG�EH�GXH�WR�VHYHUDO�UHDVRQV������WKH�GLXUQDO

SURILOH�XVHG�IRU�WKH�FKORULQH�HPLVVLRQV�DW�WKLV�ORFDWLRQ�KDG�KLJKHU�HPLVVLRQV�LQ�WKH�PRUQLQJ

WKDQ�WKH�DIWHUQRRQ�E\�D�IDFWRU�RI�WZR������R]RQH�IRUPDWLRQ�PD\�EH�OHVV�UDGLFDO�OLPLWHG�LQ�WKH

DIWHUQRRQ������JUHDWHU�DWPRVSKHULF�PL[LQJ�LQ�WKH�DIWHUQRRQ�WKDQ�WKH�PRUQLQJ�GLVSHUVHG�WKH

LPSDFW�RI�WKH�FKORULQH�HPLVVLRQV���$GGLWLRQDO�PRGHOLQJ�FRXOG�EH�SHUIRUPHG�WR�LGHQWLI\�WKH

UHODWLYH�LPSRUWDQFH�RI�WKHVH�SURFHVVHV��VXFK�DV�XVLQJ�WKH�3URFHVV�$QDO\VLV�GLDJQRVWLF�FDSDELOLW\

UHFHQWO\�GHYHORSHG�IRU�&$0[�

7KH�LVRSOHWK�SORW�RI�R]RQH�LPSDFWV��)LJXUH������VKRZV�D�UDSLG�GHFUHDVH�LQ�WKH�LPSDFW�RI

FKORULQH�RQ�PD[LPXP�R]RQH�PRYLQJ�DZD\�IURP�SRLQW�VRXUFH�ORFDWLRQV���7KLV�LV�GXH�WR

GLVSHUVLRQ�RI�WKH�FKORULQH�HPLVVLRQV�DQG�WKH�H[FHVV�R]RQH�IRUPHG�IURP�WKH�FKORULQH�HPLVVLRQV�

7KH�ORFDWLRQ�RI�WKH�R]RQH�LPSDFWV�LV�FORVHO\�UHODWHG�WR�WKH�ORFDWLRQ�RI�WKH�ODUJHVW�SRLQW�VRXUFHV

LQ�WKH�HPLVVLRQ�LQYHQWRU\�XVHG�IRU�WKLV�VWXG\���7KLV�VXJJHVWV�WKDW�WKH�ZLGHO\�GLVSHUVHG�DUHD

VRXUFHV�RI�FKORULQH�LQ�WKH�LQYHQWRU\��VZLPPLQJ�SRROV�DQG�IRUPDWLRQ�IURP�VHD�VDOW�DHURVRO��KDG
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YHU\�OLWWOH�LPSDFW�RQ�PD[LPXP�R]RQH�OHYHOV���%HFDXVH�RI�WKH�HUURU�LQ�VSDWLDOO\�DOORFDWLQJ

FKORULQH�HPLVVLRQV�IURP�FRROLQJ�WRZHUV�WKH�GLVWULEXWLRQ�DQG�PDJQLWXGH�RI�WKH�R]RQH�LPSDFWV

VKRZQ�LQ�)LJXUH�����PD\�EH�PLVOHDGLQJ�

)LJXUH�����DOVR�VKRZV�WKH�GDLO\�PD[LPXP�FRQFHQWUDWLRQV�IRU�FKORULQH��&/���DQG�WKH�PDLQ

FKORULQH�FRQWDLQLQJ�UHDFWLRQ�SURGXFWV�K\GURFKORULF�DFLG��+&/��DQG�PD[LPXP�IRUP\O�FKORULGH

�)0&/����7KH�ODUJHVW�&/��LPSDFWV�DUH�ORFDOL]HG�QHDU�WR�HPLVVLRQ�VRXUFHV�EHFDXVH�RI

GLVSHUVLRQ�DQG�UDSLG�FKHPLFDO�UHDFWLRQ�RI�FKORULQH�GXULQJ�WKH�GD\WLPH���7KH�KLJKHVW�&/�

FRQFHQWUDWLRQV�RFFXU�LQ�WKH�HDUO\�PRUQLQJ�GXH�WR�FRPELQDWLRQ�RI�IDFWRUV������WKH�GLXUQDO

HPLVVLRQV�SURILOH�XVHG�IRU�FKORULQH�HPLVVLRQV�IURP�PDMRU�VRXUFHV�KDV�ORZ�HPLVVLRQV�DW�QLJKW�

KLJK�HPLVVLRQV�GXULQJ�WKH�PRUQLQJ��PRGHUDWH�HPLVVLRQV�LQ�WKH�DIWHUQRRQ������ORZ�PL[LQJ�DQG

GLVSHUVLRQ�LQ�WKH�PRUQLQJ�FRQFHQWUDWHV�HPLVVLRQV�QHDU�WKH�VXUIDFH������WKH�FKHPLFDO�OLIHWLPH�RI

&/��DJDLQVW�SKRWRO\VLV�LV�ORQJHU�DW�ORZ�VXQ�DQJOHV�DQG�VKRUWHVW�LQ�WKH�PLGGOH�RI�WKH�GD\�

7KH�PDLQ�FKORULQH�FRQWDLQLQJ�UHDFWLRQ�SURGXFWV�LQ�WKHVH�VLPXODWLRQV�ZHUH�+&/�DQG�)0&/�

7KH�FRQFHQWUDWLRQ�LVRSOHWK�SORWV�IRU�WKHVH�FRPSRXQGV�LQ�)LJXUH�����VKRZ�D�FORVH�UHODWLRQVKLS

EHWZHHQ�PD[LPXP�+&/�)0&/�FRQFHQWUDWLRQV�DQG�&/��FRQFHQWUDWLRQV���7KLV�LV�FRQVLVWHQW

ZLWK�&/��UHDFWLQJ�UDSLGO\�LQ�WKH�DWPRVSKHUH�VR�WKDW�+&/�DQG�)0&/�ZHUH�IRUPHG�FORVH�ZKHUH

WKH�&/��ZDV�HPLWWHG���1HDU�WKH�FRDVWOLQH�RI�WKH�*XOI�RI�0H[LFR�VHYHUDO�SOXPHV�DUH�DSSDUHQW�LQ

WKH�+&/�DQG�)0&/�LVRSOHWK�SORWV�DQG�WKH�SOXPHV�DUH�RULHQWHG�RIIVKRUH���7KLV�LV�EHFDXVH�WKH

PD[LPXP�+&/�DQG�)0&/�FRQFHQWUDWLRQV�RFFXU�LQ�WKH�HDUO\�PRUQLQJ��VKRUWO\�DIWHU�VXQULVH�

DQG�WKHUH�ZDV�DQ�RIIVKRUH�ODQG�EUHH]H�QHDU�WKH�*XOI�FRDVW�RQ�6HSWHPEHU��WK���������7KH

ORFDWLRQV�RI�WKH�PD[LPXP�FKORULQH�SURGXFW�LPSDFWV��+&/�DQG�)0&/��GR�QRW�QHFHVVDULO\

FRLQFLGH�ZLWK�WKH�ORFDWLRQV�RI�PD[LPXP�R]RQH�LPSDFWV�EHFDXVH�WKH\�RFFXU�DW�GLIIHUHQW�WLPHV�RI

GD\�ZKHQ�WKH�ZLQGV�PD\�KDYH�GLIIHUHQW�GLUHFWLRQV�
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)LJXUH�������,VRSOHWK�SORWV�IRU�6HSWHPEHU��WK��������7KH�GLIIHUHQFH�LQ�GDLO\�PD[LPXP�R]RQH

GXH�WR�FKORULQH��PD[LPXP�FKORULQH��&/����PD[LPXP�K\GURFKORULF�DFLG��+&/��DQG�PD[LPXP

IRUP\O�FKORULGH��)0&/��

)LJXUH�������7LPH�VHULHV�RI�KRXUO\�R]RQH�FRQFHQWUDWLRQV�DW�WKH�ORFDWLRQ�RI�WKH�PD[LPXP�R]RQH

LPSDFW�LQ�)LJXUH������QR�REVHUYDWLRQV�DUH�VKRZQ�EHFDXVH�WKLV�ORFDWLRQ�GRHV�QRW�FRLQFLGH�ZLWK�D

PRQLWRU��
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����&21&/86,216

7KH�PDLQ�FRQFOXVLRQ�IURP�WKLV�VWXG\�LV�WKDW�&$0[�KDV�EHHQ�VXFFHVVIXOO\�PRGLILHG�WR�LQFOXGH

WKH�VLPSOH�FKORULQH�UHDFWLRQ�PHFKDQLVP�GHYHORSHG�E\�7DQDND�DQG�$OOHQ��������SURYLGLQJ�D

PRGHOLQJ�WRRO�WKDW�LV�UHDG\�WR�EH�XVHG�LQ�D�UHJXODWRU\�VHWWLQJ���7KLV�VWXG\�DOVR�SURYLGHV�R]RQH

PRGHO�UHVXOWV�IRU�WZR�HSLVRGHV�LQ�WKH�+RXVWRQ�DUHD��EXW�WKHVH�PXVW�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ

EHFDXVH�RI�DQ�HUURU�LQ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�FRROLQJ�WRZHU�HPLVVLRQV�ZKLFK�XQGHUHVWLPDWHG

FKORULQH�HPLVVLRQV�LQ�+DUULV�&RXQW\�DQG�RYHUVWDWHG�HPLVVLRQV�HOVHZKHUH���:LWK�WKLV�FDYHDW�LQ

PLQG��WKH�IROORZLQJ�SRLQWV�DUH�GUDZQ�IURP�WKH�R]RQH�PRGHOLQJ�UHVXOWV�

• 'HSHQGLQJ�XSRQ�WKH�GD\��WKH�LPSDFW�RI�FKORULQH�HPLVVLRQV�RQ�WKH�SHDN�R]RQH�UDQJHG�IURP

]HUR�WR�����SSE���7KH�PDJQLWXGH�RI�WKH�LPSDFW�GHSHQGV�XSRQ�WKH�JHRJUDSKLF�UHODWLRQVKLS

EHWZHHQ�WKH�FKORULQH�HPLVVLRQV�DQG�WKH�ORFDWLRQ�RI�WKH�R]RQH�SHDN�RQ�HDFK�GD\���7KH

ODUJHVW�LPSDFW�RI�FKORULQH�RQ�WKH�GDLO\�PD[LPXP���KRXU�R]RQH�LQ�DQ\���NP�JULG�FHOO

UDQJHG�IURP���WR����SSE�GHSHQGLQJ�XSRQ�WKH�GD\�

• &KORULQH�HPLVVLRQV�KDG�OLWWOH�LPSDFW�RQ�WKH�(3$�PRGHO�SHUIRUPDQFH�VWDWLVWLFV�IRU�R]RQH

EHFDXVH�WKH�LPSDFWV�RQ�SHDN�R]RQH�ZHUH�VPDOO�DQG�ODUJHU�LPSDFWV�DZD\�IURP�WKH�SHDN

ZHUH�KLJKO\�ORFDOL]HG�DQG�IUHTXHQWO\�GLG�QRW�FRLQFLGH�ZLWK�PRQLWRU�ORFDWLRQV�XVHG�LQ�WKH

VWDWLVWLFDO�FDOFXODWLRQV�

• &KRULQH�HPLVVLRQV�DFFHOHUDWHG�R]RQH�IRUPDWLRQ�LQ�WKH�PRUQLQJ�WKURXJK�DERXW�PLG�GD\�EXW

KDG�OHVV�LPSDFW�RQ�DIWHUQRRQ�R]RQH�OHYHOV�

• 7KH�ORFDWLRQV�RI�WKH�R]RQH�LPSDFWV�ZHUH�FORVHO\�UHODWHG�WR�WKH�ORFDWLRQ�RI�WKH�ODUJHVW�SRLQW

VRXUFHV�LQ�WKH�FKORULQH�HPLVVLRQ�LQYHQWRU\�XVHG�IRU�WKLV�VWXG\���7KLV�VXJJHVWV�WKDW�WKH

ZLGHO\�GLVSHUVHG�DUHD�VRXUFHV�RI�FKORULQH�LQ�WKH�LQYHQWRU\��VZLPPLQJ�SRROV�DQG�IRUPDWLRQ
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,Q�DGGLWLRQ�WR�VKRZLQJ�WKH�DYHUDJH�SKRWRO\VLV�UDWH�UDWLR�RYHU�WKH����]HQLWK�DQJOHV��WKH�VWDQGDUG

GHYLDWLRQ�RI�UDWLR�LV�VKRZQ�DV�D�SHUFHQWDJH�RI�WKH�PHDQ���7KLV�JLYHV�D�PHDVXUH�RI�WKH

YDULDELOLW\�LQ�WKH�UDWLR�ZLWK�]HQLWK�DQJOH���7KH�DFWXDO�UDWLRV�DUH�VKRZQ�LQ�WKH�ILJXUH�EHORZ���7KH

UDWLR�RI�&O��WR�12��SKRWRO\VLV�UDWHV�GRHV�QRW�YDU\�JUHDWO\�ZLWK�]HQLWK�DQJOH�EHFDXVH�WKHVH�WZR

PROHFXOHV�SKRWRO\]H�LQ�VLPLODU�UHJLRQV�RI�WKH�VRODU�VSHFWUXP���+RZHYHU��WKH�UDWLR�RI�+2&O�WR

12��SKRWRO\VLV�UDWHV�YDULHV�E\�QHDUO\�D�IDFWRU�RI���EHWZHHQ�KLJK��]HUR�GHJUHHV��DQG�ORZ����

GHJUHHV��VXQ�DQJOHV�VXJJHVWLQJ�WKDW�12��LV�QRW�DQ�LGHDO�VXUURJDWH�IRU�+2&O�SKRWRO\VLV��

6HYHUDO�RWKHU�SKRWRO\VLV�UHDFWLRQV�DUH�DYDLODEOH�LQ�&$0[�IRU�XVH�DV�D�VXUURJDWH�IRU�+2&O

SKRWRO\VLV���7KH�PRVW�VXLWDEOH�VXUURJDWH�LV�WKH�SKRWRO\VLV�RI�WKH�OXPSHG�LVRSUHQH�R[LGDWLRQ

SURGXFW��,63'��ZKLFK�LV�EDVHG�RQ�DFUROHLQ�SKRWRO\VLV���7KH�UDWLR�RI�+2&O�WR�,63'�SKRWRO\VLV

UDWHV�LV�TXLWH�VWDEOH�ZLWK�]HQLWK�DQJOH��DV�VKRZQ�LQ�WKH�WDEOH�DQG�ILJXUH�

5HFRPPHQGDWLRQV�IRU�&$0[�0RGHOLQJ

�� 8VH�SKRWRO\VLV�UDWH�UDWLRV�FDOFXODWHG�ZLWK�789�WR�LPSURYH�FRQVLVWHQF\�ZLWK�RWKHU�&$0[

SKRWRO\VLV�UHDFWLRQV

�� 6HW�&O��SKRWRO\VLV�DV�D�UDWLR�WR�12��SKRWRO\VLV�DV�UHFRPPHQGHG�E\�$OOHQ�DQG�7DQDND��EXW

XVLQJ�D�UHYLVHG�UDWLR�RI�������

�� 6HW�+2&O�SKRWRO\VLV�DV�D�UDWLR�WR�,63'�SKRWRO\VLV��GLIIHUHQW�IURP�$OOHQ�DQG�7DQDND·V

UHFRPPHQGDWLRQ��XVLQJ�D�UDWLR�RI�����

Photolysis Rate Ratios for Cl2 and HOCl
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7DEOH�����&RPSDULVRQ�RI�&$0[���KRXU�R]RQH�PRGHO�SHUIRUPDQFH�VWDWLVWLFV�ZLWK�DQG�ZLWKRXW

&O�HPLVVLRQV�

(3$�*RDO ��6HS ��6HS ���6HS ���6HS

2EVHUYHG�3HDN��SSE� ����� ����� ����� �����

:LWKRXW�&O�(PLVVLRQV

0RGHOHG�3HDN��SSE� ����� ����� ����� �����

8QSDLUHG�3HDN���� ≤ ±�� ���� ���� ���� ���

1RUPDOL]HG�%LDV���� ≤ ±�� ���� ���� ��� ����

1RUPDOL]HG�(UURU���� ≤ �� ���� ���� ���� ����

:LWK�&O�(PLVVLRQV

0RGHOHG�3HDN��SSE� ����� ����� ����� �����

8QSDLUHG�3HDN���� ≤ ±�� ���� ���� ���� ���

1RUPDOL]HG�%LDV���� ≤ ±�� ���� ���� ��� ����

1RUPDOL]HG�(UURU���� ≤ �� ���� ���� ���� ����

6WDWLVWLFDO PHDVXUHV ZHUH FDOFXODWHG IRU YDOLG GDWD SDLUV ZLWK REVHUYHG YDOXHV ! �� SSE DW ��

VWDWLRQV
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COAST September 6-11, 1993 with and without Cl emissions
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COAST September 6-11, 1993 with and without Cl emissions
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COAST September 6-11, 1993 with and without Cl emissions                        
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COAST September 6-11, 1993 with and without Cl emissions                        

      PAWC: PORT ARTHUR WEST C28 TX 
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COAST September 6-11, 1993 with and without Cl emissions                        

      STWC: STOWELL (WINNIE) AQ/MET TX 
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      TLMC: TEXAS CITY / LA MARQUE TX 

0

100

200

 9/ 6/93  9/ 7/93  9/ 8/93  9/ 9/93  9/10/93  9/11/93

Date

O
3 

[p
pb

]   Observed With Cl   Without Cl

      WORA: WEST ORANGE C9 TX 

0

100

200

 9/ 6/93  9/ 7/93  9/ 8/93  9/ 9/93  9/10/93  9/11/93
Date

O
3 

[p
pb

]   Observed With Cl   Without Cl

      TXCT: TEXAS CITY (DUMMY SITE) TX 

0

100

200

 9/ 6/93  9/ 7/93  9/ 8/93  9/ 9/93  9/10/93  9/11/93
Date

O
3 

[p
pb

] With Cl   Without Cl

      CARL: Carlyss (Highway 27/108) Calcasieu
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COAST September 6-11, 1993 with and without Cl emissions                        

      VINL: Vinton Calcasieu LA 
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COAST August 16-20, 1993 with and without Cl emissions                          
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      H03H: HRM SITE 3 TX 
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      H07H: HRM SITE 7 TX 
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COAST August 16-20, 1993 with and without Cl emissions                          

      H08H: HRM SITE 8 TX 
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      H10H: HRM SITE 10 TX 
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      H11H: HRM SITE 11 TX 
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      HALC: ALDINE C8/HARRIS CO TX 
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      HCFA: SITE T-19 CRAWFORD TX 
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      HCQA: SITE T-18 CROQUET TX 
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COAST August 16-20, 1993 with and without Cl emissions                          

      HLAA: SITE T-26 LANG TX 
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      HMCA: MANCHESTER C22 TX 
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      HNWA: NORTHWEST HARRIS C26 TX 
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      HSMA: SWISS&MONROE / HARRIS CO TX 
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      HWAA: SITE S-13 N WAYSIDE TX 
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      KTZA: KOUNTZE C85/HARDIN CO TX 
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COAST August 16-20, 1993 with and without Cl emissions                          

      PAWC: PORT ARTHUR WEST C28 TX 
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      S40S: SETRPC SITE 40 TX 
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      SPTC: SMITH POINT AQ/MET SITE TX 
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COAST August 16-20, 1993 with and without Cl emissions                          

      STWC: STOWELL (WINNIE) AQ/MET TX 
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      TLMC: TEXAS CITY / LA MARQUE TX 
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      WORA: WEST ORANGE C9 TX 
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      TXCT: TEXAS CITY (DUMMY SITE) TX 
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      CARL: Carlyss (Highway 27/108) Calcasieu LA 
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      RAGL: Ragley (Highway 171/190) Beauregard LA 
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COAST August 16-20, 1993 with and without Cl emissions                          

      VINL: Vinton Calcasieu LA 
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      WLKL: Westlake Calcasieu LA 
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